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ABSTRACT 

Stainless steel and aluminum column tubing can adsorb polyols 
and vanillins extensively during gas chromatography, while copper 
and glass do not give this effect. Coating the internal wall of 
the metal tubing with a thin film of a polar stationary phase 
essentially eliminates these adsorption losses by blocking the 
active sites. 
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It is well recognized that active sites on the surface of 
the chromatographic support can adsorb polar compounds and cause 
asymmetric or tailing peaks. This has been extensively reported 
in the literature (1^2) „ However., the contribution of the 
column tubing material to this effect has been generally over¬ 
looked; the literature in this area remains quite sparse. 

Several groups of workers (3, 4, 5, 6) have reported 
decomposition of chlorinated or phosphorous-containing pesticides 
on copperj aluminum and stainless steel columns, Glass or quartz 
tubing was found to be satisfactory. Davis, et al (7) found that 
metal columns were unsatisfactory for the analysis of a variety 
of phosphorous compounds, whereas glass was adequate. Glass was 
again preferred by Kelso and Lacey (8) for the separation of 
aliphatic isocyanides; both stainless steel and copper were un¬ 
satisfactory . 

The effect of the tubing material on steroids and other 
complex compounds has also been investigated. Arnold and Fales 
(9) compared the influence of copper, aluminum, stainless steel 
and glass on a test mixture that contained among other compounds, 
cholesterol, codeine and phenazocine. These three compounds 
interacted strongly with copper tubing, but not with the other 
tubing materials. On the other hand, Whittier, et al (10) found 
that cholesterol tailed on stainless steel, but not on glass. 
Kabot and Ettre (11) also recognized the difficulty of analyzing 
steroids on metal columns. They indicated that metal columns 
and systems could be used if properly designed but did not 
elaborate on this. They suggested that the safer procedure was 
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to use glass columns and on-column injection. 

This work compares the effect of copper., aluminum., stainless 
steel and glass on mixtures containing polyols and vanillins. 

It also shows that adsorption losses can be drastically reduced 
by coating the column wall with a thin film of a polar stationary 
phase. 

EXPERIMENTAL 

Apparatus 

All chromatograms were obtained on an F & M 810 gas 

< 6 > 

chromatograph equipped with dual flame detectors and Pyrex glass 
liners in the injection ports. 

Column Packings 

The packings contained five percent Carbowax 20M (Union 

Carbide Co.) or five percent FFAP (Varian Aerograph) on 80/100 

d> 

mesh Chromosorb G AW-DMCS (Johns-Manvilie Products Corp.). 
Column Tubing 

Six-foot by 1/4-in. O.D. sections of soft copper,, soft 
aluminum,, stainless steel (No. 314) and Pyrex glass tubing were 
used for columns. All tubing was thoroughly flushed with chloro¬ 
form, methanol and acetone, then air-dried before use. The metal 
columns were packed as straight sections with gentle tapping and 
thumping, then coiled (8-in. diameter). The coiled Pyrex column 
was suction packed with gentle tapping. The metal columns con¬ 
tained 21.5 to 22.5 grams of packing, the glass columns 16 to 18 
grams. 
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Operating Conditions 

Temperatures were: instrument injection port 240°C, detector 

290°C, column temperature programmed 130 to 230°C (hold) at 4.0°C 

per minute for the Carbowax 20M columns, 130 to 260°C at 4.0°C per 

minute for the FFAP columns„ Gas flows were: helium (50 psig), 

81 ml per minute for both sample and reference columns at column 

outlet; hydrogen, 67 ml per minute into each detector; air, 390 ml 

per minute into each detector„ Electrometer sensitivity was 4 x 
“9 

10 amps full scale recorder deflection (range 1000, attenuation, 
XI). 

Standard Test Solution 

The dry isopropyl alcohol standard solution contained the 
following percentages (w/v) of reagent grade materials: 1.2 per¬ 
cent glycerine, 0,8 percent propylene glycol, and 0.4 percent each 
of menthol, carvone, anethole, phenol, triacetin, coumarin, ethyl 
vanillin and vanillin. 

DISCUSSION 

This work was prompted by difficulties in one of our labora¬ 
tories in reproducing earlier work. We had at first found that 
aluminum columns gave essentially the same performance as copper 
columns » No pronounced adsorption or catalytic decomposition 
effects were noted. When supposedly identical aluminum columns 
were prepared with a second batch of packing, severe adsorption of 
polyols and the vanillins occurred. This was initially attributed 
to 4 poorly silanized support or to a poorly coated packing. This 
explanation was proved incorrect when the second batch of packing 
was used to prepare a good column. 
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Variations in the flow rates used to condition the aluminum 
columns seemed to be a factor. Columns bled overnight at reduced 
flow rates (20 ml per minute) usually caused less adsorption than 
those bled for about four hours at the analytical flow rate (81 
ml per minute). Variations in the conditioning flow rates did 
not affect the performance of the copper columns. It was apparent, 
however, that the aluminum tubing was the cause of the adsorption 
when it did occur. 

The following experiment was designed to investigate the 
influence of the column tubing material on a mixture of polar 
materials, and to minimize the effect of the conditioning procedure. 
Briefly, the packing from a normally conditioned copper column was 
emptied and successively repacked into clean aluminum, copper, 
stainless steel and glass columns. A chromatogram was obtained for 
each column. 

Two sets of 6-foot by 1/4 in. O.D. columns were made. The 
initial copper column in the first set was packed with Chromosorb 
G containing 5 percent Carbowax; 20M. The initial copper column in 
the second set was packed with Chromosorb G containing 5 percent 
FFAP. Chromosorb G was chosen as the support because its high den¬ 
sity facilitated repacking and its hardness minimized particle 
fracture during the process. 

The initial column in each set was conditioned overnight at 
20 ml per minute, with, an oven temperature of 230°C for the Carbowax 
20M column and 260 °C for the FFAP column. Duplicate copper columns 
were also conditioned at the same time for use as reference columns. 
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Our general procedure was to "steam clean" the sample column with 
4 o 0 microliters of water 5 then to inject 1.5 microliters of the 
standard solution while using temperature programming and a flow 
rate of 81 ml per minute. The conditioned column was then uncoiled 
and emptied by gentle tapping,, and the recovered packing was 
repacked into solvent-cleaned aluminum tubing. The aluminum col¬ 
umn was then equilibrated at the original conditioning temperature 
for one hour at a helium flow of 81 ml per minute. After a chromato¬ 
gram of the standard solution was obtained., the repacking and 
sampling procedure described above was repeated for clean copper , 
stainless steely and glass. 

The chromatograms obtained from the Carbowax 20M columns are 
shown in Figure 1„ The conditioned and repacked copper columns gave 
essentially identical chromatograms. The aluminum column strongly 
adsorbed the vanillins and completely adsorbed glycerine. The stain¬ 
less steel column adsorbed much of the glycerine and some of the 
propylene glycol,, while only slightly affecting the vanillins. The 
glass column appeared to be quite inert s and gave a chromatogram 
similar to those obtained for copper. 

The chromatograms obtained from the FFAP columns are shown in 
Figure 2. Some support effects appeared in the FFAP columns, as 
evidenced by the low propylene glycol and glycerine peaks in the 
glass column. This is perhaps due to the lower polarity of FFAP 
and to a relatively greater loss of stationary phase at the higher 
conditioning temperature. The conditioned copper column gave 
somewhat better recoveries for most peaks than the repacked copper 
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column. In comparison, however, drastic changes occurred in the 
aluminum column. The vanillins completely disappeared, propylene 
glycol was nearly eliminated, and phenol showed strong tailing. 

The stainless steel column gave a reduced propylene glycol peak. 

The glass column gave slightly better glycerine recovery than the 
other columns„ 

Further consideration of the conditioning process suggested 
that bleeding a column at low flow rates might give the internal 
walls of the tubing a longer contact time with the bleeding phase, 
thus increasing the probability of depositing a thin film of phase. 
In effect, the active sites would be masked or inactivated by the 
polar phase in a manner analogous to the action of polar tailing 
reducers when used to inactivate gas chromatographic supports (12, 
13) . 

The effect of intentionally coating the internal wall of the 
aluminum tubing with a thin film of polar phase was next studied. 
This was done by comparing chromatograms obtained from the same 
column in a coated and uncoated form. The uncoated column (the 
same FFAP ~ aluminum column previously used) was tested, then 
uncoiled, gently unpacked, and thoroughly flushed with solvents. 

A five percent solution of FFAP in chloroform was then passed 
through the empty column and allowed to drain thoroughly. Resid¬ 
ual solvent was removed with a slow stream of air. The coated 
but unpacked column was then coiled and conditioned overnight at 
260°C and 81 ml per minute helium flow. The coated column was 
then uncoiled, packed with the previously removed packing, recoiled, 
and equilibrated for one hour at 260°C. A 4.0 microliter sample 
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of the test mixture was then injected. Larger samples were used 
in the coating study to minimize support effects. 

The chromatograms obtained from the uncoated and coated 
column are compared in Figure 3, The contrast is quite striking. 
Propylene glycol,, glycerine., and the vanillins are either dras¬ 
tically reduced or are completely missing from the chromatogram 
obtained using the uncoated aluminum column. They appear as 
normal peaks in the chromatogram obtained from the coated column. 

We initially attempted to coat the aluminum column with a 
0.5 percent solution of FFAP, but obtained only a slight improve¬ 
ment . The FFAP solutions., however, had much lower viscosities 
than comparable Carbowax 20M solutions, which could probably be 
used at much greater dilutions. 

The differences observed in the adsorption effects of stain¬ 
less steel and aluminum suggest that more than one type of active 
site is involved. It seems likely that the nature of the oxide 
film on the metallic surface governs the selective sorption mechan- 
ism. We have also had some indication that the active sites may 
vary, depending on the source of a given type of tubing. 
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Captions for Figures : 

Figure 1„ Carbowax 20M Columns 

A: conditioned copper column 

B, C, D, E: columns successively repacked with 
packing taken from A 

Peaks: (1) Solvent, (2) propylene glycol, (3) 

menthol,, (4) carvone, (5) anethole, (6) 
phenol, (7) triacetin, (8) glycerine, 

(9) coumarin, (10) ethyl vanillin, (11) 
vanillin 

Figure 2„ FFAP Columns 

A: conditioned copper column 

B, C, D, E: columns successively repacked with 
packing taken from A 
Peaks: same as in Figure 1. 

Figure 3„ Aluminum FFAP Column 

A: Uncoated ~ previously conditioned FFAP packing 

in solvent cleaned aluminum tubing 
B: Coated - same packing and tubing as in A; 

column wall treated with 5 % FFAP solution 
before packing 
Peaks: same as in Figure 1. 
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